
US 20070053295Al 

(19) United States 
(12) Patent Application Publication (10) Pub. No.: US 2007/0053295 A1 

Cleveland et al. (43) Pub. Date: Mar. 8, 2007 

(54) 

(75) 

(73) 

(21) 

(22) 

(60) 

STREAM CONTROL IN A MIMO-ENABLED 
MESH NETWORK 

Inventors: Joseph Cleveland, Murphy, TX (US); 
Cornelius van Rensburg, Dallas, TX 
(US); BaoWei Ji, Dallas, TX (US) 

Correspondence Address: 
DOCKET CLERK 
P.O. DRAWER 800889 
DALLAS, TX 75380 (US) 

Assignee: SAMSUNG ELECTRONICS 
LTD., SuWon-city (KR) 

Co., 

Appl. No.: 11/297,575 

Filed: Dec. 8, 2005 

Related US. Application Data 

Provisional application No. 60/714,319, ?led on Sep. 
6, 2005. 

Publication Classi?cation 

(51) Int. Cl. 
H04] 1/16 (2006.01) 
H04L 12/56 (2006.01) 

(52) Us. or. .......................................... ..370/235;370/406 

(57) ABSTRACT 

In a multiple-input, multiple-output (MIMO) enabled mesh 
network, streams for transmitting data from a node to a 
destination node are controlled based on next hop latency 
and available stream capacity at neighboring, next hop 
nodes. Routing information maintained and dynamically 
updated at each node includes latency information associ 
ated With each next hop for transmission from the node to a 
given destination node and current available stream capacity 
for such next hop nodes. A controller at the node utilizes that 
information to select one or more next hop nodes to Which 
the data is forWarded as Well as to determine a number of 
streams that may be initiated With each selected next hop 
node. 
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STREAM CONTROL IN A MIMO-ENABLED MESH 
NETWORK 

CROSS-REFERENCE TO RELATED 
APPLICATION AND CLAIM OF PRIORITY 

[0001] The present application is related to US. Provi 
sional Patent No. 60/714,319, ?led Sep. 6, 2005, entitled 
“Stream Control In a MIMO Enabled Mesh Network”. US. 
Provisional Patent No. 60/714,319 is assigned to the 
assignee of the present application and is hereby incorpo 
rated by reference into the present disclosure as if fully set 
forth herein. The present application hereby claims priority 
under 35 U.S.C. §119(e) to US. Provisional Patent No. 
60/714,319. 

TECHNICAL FIELD OF THE INVENTION 

[0002] The present disclosure is directed, in general, to 
multiple-input, multiple-output (MIMO) enabled mesh net 
works and, more speci?cally, to scheduling bandwidth usage 
among neighboring cells within a MIMO-enabled mesh 
network. 

BACKGROUND OF THE INVENTION 

[0003] Wireless mesh networks typically consist of nodes 
transmitting to each other based on directional wireless links 
established by high gain, point-to-point antennas. In addi 
tion to practical constraints on channel coding schemes 
employed and/or regulatory constraints on transmit power, 
optimal use of bandwidth (or, equivalently for the purposes 
of this disclosure, “capacity”) for such wireless links is 
complicated by determining how many data streams to 
initiate at a node with any particular neighbor node. 

[0004] Multiple-input, multiple-output (MIMO) enabled 
networks, for example, advantageously employ multi-path 
scattering to establish more than one spatial channel, each 
carrying independent data streams, within the wireless link 
between two nodes. In the context of a mesh network, 
processing capacity may be limited relative to the maximum 
number of data streams that could be initiated by all of a 
node’s neighbors. Routing algorithms for nodes with a 
single, omni-directional antenna are, at the very least, not 
optimiZed for wireless mesh networks with MIMO antennas. 

[0005] There is, therefore, a need in the art for improved 
data stream control within MIMO enabled mesh networks. 

SUMMARY OF THE INVENTION 

[0006] An apparatus is disclosed for use in a multiple 
input, multiple-output (MIMO) enabled mesh network. The 
apparatus provides control over streams for transmitting data 
from a node to a destination node, based on next hop latency 
and available stream capacity at neighboring, next hop 
nodes. Routing information maintained and dynamically 
updated at each node includes latency information associ 
ated with each next hop for transmission from the node to a 
given destination node and current available stream capacity 
for such next hop nodes. A controller at the node utiliZes that 
information to select one or more next hop nodes to which 
the data is forwarded as well as to determine a number of 
streams that may be initiated with each selected next hop 
node. 
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[0007] Before undertaking the DETAILED DESCRIP 
TION OF THE INVENTION below, it may be advantageous 
to set forth de?nitions of certain words and phrases used 
throughout this patent document: the terms “include” and 
“comprise,” as well as derivatives thereof, mean inclusion 
without limitation; the term “or,” is inclusive, meaning 
and/or; the phrases “associated with” and “associated there 
with,” as well as derivatives thereof, may mean to include, 
be included within, interconnect with, contain, be contained 
within, connect to or with, couple to or with, be communi 
cable with, cooperate with, interleave, juxtapose, be proxi 
mate to, be bound to or with, have, have a property of, or the 
like; and the term “controller” means any device, system or 
part thereof that controls at least one operation, such a 
device may be implemented in hardware, ?rmware or soft 
ware, or some combination of at least two of the same. It 
should be noted that the functionality associated with any 
particular controller may be centraliZed or distributed, 
whether locally or remotely. De?nitions for certain words 
and phrases are provided throughout this patent document, 
those of ordinary skill in the art should understand that in 
many, if not most instances, such de?nitions apply to prior, 
as well as future uses of such de?ned words and phrases. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0008] For a more complete understanding of the present 
disclosure and its advantages, reference is now made to the 
following description taken in conjunction with the accom 
panying drawings, in which like reference numerals repre 
sent like parts: 

[0009] FIGS. 1A and 1B are high-level block diagrams of 
a multiple-input, multiple-output enabled wireless mesh 
network with data stream control between neighboring 
nodes according to one embodiment of the present disclo 
sure; 

[0010] FIG. 2 is a high level ?owchart for a process of 
creating and maintaining global and local routing tables 
within a multiple-input, multiple-output enabled wireless 
mesh network with data stream control between neighboring 
nodes according to one embodiment of the present disclo 
sure; and 

[0011] FIG. 3 is a high level ?owchart for a process of 
scheduling streams within a multiple-input, multiple-output 
enabled wireless mesh network with data stream control 
between neighboring nodes according to one embodiment of 
the present disclosure. 

DETAILED DESCRIPTION OF THE 
INVENTION 

[0012] FIGS. 1 through 3, discussed below, and the vari 
ous embodiments used to describe the principles of the 
present disclosure in this patent document are by way of 
illustration only and should not be construed in any way to 
limit the scope of the disclosure. Those skilled in the art will 
understand that the principles of the present disclosure may 
be implemented in any suitably arranged device. 

[0013] FIGS. 1A and 1B are high-level block diagrams of 
a multiple-input, multiple-output enabled wireless mesh 
network with data stream control between neighboring 
nodes according to one embodiment of the present disclo 
sure. MIMO enabled mesh network 100 includes a plurality 
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of nodes 1-9, indicated by squares in the drawing. Those 
skilled in the art Will understand that each node includes a 
base transceiver station, one or more antennae, and other 
equipment required for that node to communicate Wirelessly 
With other nodes Within netWork 100. While the nodes are 
depicted as cells having contiguous hexagonal boundaries, 
the nodes may form either a ?xed netWork as depicted or a 
mobile ad hoc netWork (MANET) in Which each node 
discovers and communicates With other nodes in a peer-to 
peer fashion as nodes move in and out of range With each 
other, nodes may have overlapping ranges, etc. 

[0014] As noted, netWork 100 is preferably MIMO 
enabled, such that the antenna(e) at each node provides 
directional transmission, regardless of Whether through 
selectable antenna elements, beamforming, or any combi 
nation of directional radio transmission techniques. Wireless 
links carrying voice and/or data communications betWeen 
nodes 1-9 Within the netWork 100 are depicted in FIG. 1A as 
dashed lines. As knoWn in the art, such links may incorpo 
rate a number of channels Within a range of frequencies, 
such as a control channel and at least N data channels (Where 
N is any positive integer greater than 1). 

[0015] NetWork 100 is also depicted as including Wireline 
backhaul connections (depicted as a pair of solid lines in 
FIG. 1A) to core netWorks or support netWorks, and/or to the 
Internet or other data netWorks. Such Wireline connections 
may be established in accordance With the knoWn art (e.g., 
leased lines or point-to-point radio frequency links). In the 
exemplary embodiment, backhaul bandWidth may also be 
provided by the Wireless links betWeen nodes 1-9 as 
described in further detail beloW in order to meet the 
increased backhaul needs of Wireless netWorks supporting 
broadband data transfer as Well as voice communications. 
Subscriber units or other ?xed or mobile devices (not 
shoWn) may optionally connect through any one of nodes 
1-9 to netWork 100, using netWork 100 as a backhaul 
connection to the core or support netWork(s) and/or the 
Internet. 

[0016] As depicted in FIG. 1B, each node 1-9 includes an 
array of antenna elements 1-N. Each node accordingly 
supports up to N MIMO antenna paths, With the capacity of 
multiplexing up to N streams S1, S2, . . . SN to one or many 

of the neighboring nodes. HoWever, the capacity of each 
node is bounded by the number of antenna elements Within 
the array. In an overloaded environment, de?ned as one in 
Which the number of incident co-channel signals exceeds the 
number of antenna elements at the receiver (the receiving 
node), MIMO may fail because the array’s degree of free 
dom is exceeded. The equal poWer assumption (all incident 
data streams are assumed to have been transmitted With 
equal poWer) prohibits use of simple techniques such as 
successive interference cancellation. 

[0017] For this reason, each node 1-9 in the MIMO 
enabled Wireless mesh netWork 100 of the exemplary 
embodiment includes a controller (not separately depicted) 
scheduling use of radio resources betWeen neighboring 
nodes and providing optimal routing (including optimiZed 
backhaul tra?ic). The controller may be implemented using 
any of the control system con?gurations knoWn in the art, 
modi?ed to provide the functionality described herein. In 
addition, each node also includes a memory (also not 
separately depicted) containing global and local routing 
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tables accessible to the controller and structures and 
employed in a manner described in further detail beloW. 

[0018] In FIG. 1A, the mesh netWork 100 includes nodes 
that need to backhaul tra?ic to “edge” nodes 1, 2, 3 or 4, the 
points at Which Wireline connections to a core/ support 
netWork or to the Internet are provided. For example, node 
8 may require such a backhaul connection via the Wireless 
links to neighboring nodes. The problem of deciding Which 
combination of neighboring nodes 4, 5, 7 and/ or 9 providing 
paths to nodes 1-4 should be selected for routing packets to 
the core netWork is a conventional routing problem 
addressed by the prior art. Many routing algorithms for 
?nding multiple routes betWeen any pair of nodes are 
available and may be suitably employed Within the netWork 
100. Preferably the routing algorithm selected determines 
one or more least-cost routes, Where “least-cost” is deter 
mined as the latency based on the number of hops required 
betWeen the source and destination nodes, given current load 
conditions of the Wireless links. 

[0019] Once the routing algorithm has selected a destina 
tion node for a packet from node 8, hoWever, the node needs 
to determine hoW many streams (O-N) to initiate to any 
particular neighboring node. Node 8 in FIG. 1B has four 
nearest neighbors through Which packets may be routed to 
their ?nal destination, With each neighboring node accom 
modating up to N MIMO streams. In netWork 100, therefore, 
tWo routing processes are incorporated: (l) a global routing 
de?nition, and (2) a local routing de?nition. 

[0020] In the global routing problem, each node builds a 
table for all routes through Which a packet may be routed to 
a particular destination node, and the number of hops 
required for the packet to arrive at the destination node based 
on one category of least-cost routing. The number of hops 
required Will be the primary measure of the latency cost 
being introduced, since actual physical distance is a small 
indicator of latency. Given this global routing table, the 
transmitting node selects all routes having no more than a 
threshold number TH of hops, all acceptable for the pur 
poses of this example. TABLE I beloW is an exemplary 
global routing table for node 8 in the netWork 100 of FIGS. 
1A and 1B: 

TABLE I 

Destination Next Hop # Hops 

l 4 4 
7 3 
5 2 
9 2 

2 4 3 
7 2 
5 2 
9 3 

3 4 2 
7 2 
5 3 
9 4 

4 4 l 
7 2 
5 3 
9 4 

[0021] In the second phase, a local routing table is com 
pleted by selecting a set of preferred routing nodes from 
among all of the acceptable neighboring nodes. For this 
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purpose, each node builds a local routing table for all 
possible capacities available from that node to each neigh 
boring node. TABLE 11 below is an exemplary local routing 
table for node 8 in the network 100 of FIGS. 1A and 1B, With 
the values represented by “CXY” (Where “X” is a number 
that indcates the destination node and “Y” is a number that 
indicates the stream to the Node X) being the data rate 
capacity for a particular stream from an antenna element at 
node 8 to the identi?ed neighboring node: 

TABLE II 

Node Stream 1 Stream 2 Stream N 

4 C41 C42 . . . C4N 

7 C71 C72 . . . C7N 

I15 ICIkI1 ICIkIZ I I I ICIkN 

Note that for the purposes of illustration each node is 
assumed to have N antenna elements, although in practice 
different nodes could have differing numbers of antenna 
elements (Which information Would be communicated on a 
control channel during discovery and initiation of commu 
nications betWeen nodes) so that different roWs in the local 
routing table might have different number of entries. In 
addition, the exemplary local routing table of TABLE II has 
been someWhat generaliZed by assuming that the subject 
node has K neighboring nodes (Where K is any positive 
non-Zero integer). The capacity values are in data rates for 
the corresponding stream, and the maximum potential 
capacities for different streams from one node to a given 
neighboring node are not necessarily identical. 

[0022] It should be noted that the global and local routing 
tables need not be separate data structures as described 
herein, but may instead be combined, both With each other 
and With other operational management information for the 
subject node. In addition, various re?nements may be uti 
liZed such as storing only acceptable next hop routes (next 
hops for Which the number of total hops to the destination is 
less than the threshold TH) and associated stream capacities. 

[0023] The local routing table is dynamically updated 
from loading information transmitted, for example, betWeen 
pairs of nodes on a control channel on an ongoing periodic 
or intermittent basis, such that When a given neighboring 
node (e.g., node 4) is already receiving traf?c from its other 
neighbors (e.g., node 3 and/or node 7), the capacity for one 
or more streams for that neighboring node is set to Zero 
Within the local routing table. Given that a neighboring node 
may already be relaying Nl streams from its other neigh 
boring nodes, that neighboring node can only accept N-Nl 
streams from the subject node. Thus, for example, if node 4 
is capable of concurrently receiving four streams in total, but 
is already receiving tWo streams from node 7 and one from 
node 3, only one stream remains available to receive traf?c 
from node 8. Accordingly three of the entries for node 4 
Within the local routing table at node 8 Would have values of 
Zero, While the fourth Would have some non-Zero value. 

[0024] The local routing table is employed by the control 
ler for the subject node to determine hoW many streams may 
be initiated from the subject node to each of the neighboring 
nodes. With N antenna elements at each node, up to N 
streams may be initiated out of a given node, all to one 

Mar. 8, 2007 

neighboring node or distributed among some subset of up to 
N neighboring nodes. Any node With N antenna elements 
can also accept up to N streams from neighboring nodes, 
again either all from a single neighboring node or distributed 
among some subset of up to N of the neighboring nodes. As 
previously described, the number of streams that may be 
initiated to or accepted from a neighboring node is con 
strained by existing traf?c in progress. 

[0025] Using the global and local routing tables, the 
controller determines neighboring nodes With Which streams 
may be initiated, and hoW many streams With each node, and 
selects both the neighboring nodes With Which to initiate 
streams and the number of streams to initiate With each 
selected neighboring node on a least-cost basis. Routing of 
packets through the MIMO enabled mesh netWork 100 is 
thus self-adapting to load conditions at the nodes. While the 
exemplary embodiment employs ad hoc initiation of streams 
based on existing capacities, a round-robin time slot allo 
cation scheme for receiving streams from each neighboring 
node, ?xed or dynamic scheduling of streams betWeen nodes 
based on anticipated traf?c needs and/or load conditions, 
prioritiZation of selected streams over others, or some com 
bination of all of the foregoing may alternatively be 
employed to control data streams betWeen neighboring 
nodes. 

[0026] FIG. 2 is a high level ?owchart for a process of 
creating and maintaining global and local routing tables 
Within a multiple-input, multiple-output enabled Wireless 
mesh netWork With data stream control betWeen neighboring 
nodes according to one embodiment of the present disclo 
sure. The process 200 is performed by the controller Within 
a given node 1-9 in MIMO enabled mesh netWork 100, and 
begins With a node becoming operational (step 201) Within 
the netWork, for example by being started up in, or moving 
into, the geographic region of the netWork 100. 

[0027] A determination is ?rst made of Whether any neigh 
boring nodes have been discovered (step 202) in accordance 
With the knoWn art. If so, the global routing table is updated 
With additional entries (step 203) to add the neW node as a 
destination, if appropriate, and to insert next hop and num 
ber of hops information into entries for existing destination 
nodes. The local routing table is also updated to at least 
identify the number of possible streams betWeen the subject 
node and the neW neighboring node. This step may also be 
used by the process to remove entries from the global and 
local routing tables that correspond to any node(s) that are 
no longer detected by the subject node. 

[0028] If no neW nodes Were discovered (at step 201) or 
after updating the global and local routing tables (at step 
202), a determination is made as to Whether any updated 
information regarding loading conditions at one or more 
neighboring nodes has been received (step 204). If so, the 
local routing table is updated (step 205) to re?ect stream 
capacity that is no longer available or that has once again 
become available (after having been temporarily unavail 
able). Polling for discovery of neW neighboring nodes and 
updated loading information then continues in cyclical fash 
ion. Those skilled in the art Will recogniZe that While the 
process 200 has been illustrated, for the purposes of descrip 
tion, as one single thread process, the functionality may 
alternatively be implemented as a number of separate pro 
cesses and/or threads, in an event-driven manner, etc. 



US 2007/0053295 A1 

[0029] FIG. 3 is a high level ?owchart for a process of 
scheduling streams Within a multiple-input, multiple-output 
enabled Wireless mesh network With data stream control 
betWeen neighboring nodes according to one embodiment of 
the present disclosure. The process 300 is also performed by 
the controller Within a given node 1-9 in MIMO enabled 
mesh netWork 100, and begins With a data transfer being 
initiated that requires the subject node to relay packets 
through one or more neighboring nodes. 

[0030] Initially, a determination is made of acceptable 
next hops Within routes from the subject node to the desti 
nation from the global routing table, as Well as current 
stream capacity availability for those next hops from the 
local routing table (step 302). Based on that information, one 
or more neighboring nodes to Which the data may be forWard 
are selected and one or more streams, either to a single node 
or uniformly or non-uniformly distributed among a number 
of nodes, for transmitting the data are initiated (step 303). 
The process then becomes idle (step 304) until another data 
transfer is initiated at the subject node. As With the process 
200 depicted in FIG. 2, those skilled in the art Will recogniZe 
that the process 300 may alternatively be implemented as a 
number separate processes and/or threads, in an event 
driven manner, etc. 

[0031] Use of MIMO stream control for spatial channels 
establishing different data paths betWeen a single pair of 
nodes Within a Wireless mesh netWork as described herein is 
equally applicable to backhauling data to edge nodes and to 
routing multiple streams betWeen a node pair Within an ad 
hoc Wireless netWork. Scheduling use of spatial channels 
can optimiZe netWork throughput While avoiding processing 
overload and reducing co-channel interference. 

[0032] It should be noted that While a fully functional 
system has been described herein, those skilled in the art Will 
appreciate that at least portions of the functionality 
described are capable of being implemented and distributed 
in the form of a machine usable medium containing instruc 
tions in a variety of forms, and that the resulting advantages 
apply equally regardless of the particular type of signal 
bearing medium utiliZed to actually carry out the implemen 
tation and/or distribution. Examples of machine usable 
mediums include: nonvolatile, hard-coded type mediums 
such as read only memories (ROMs) or erasable, electrically 
programmable read only memories (EEPROMs), recordable 
type mediums such as ?oppy disks, hard disk drives and 
compact disc read only memories (CD-ROMs) or digital 
versatile discs (DVDs), and transmission type mediums such 
as digital and analog communication links and frames or 
packets. 
[0033] Although the present disclosure has been described 
With an exemplary embodiment, various changes and modi 
?cations may be suggested to one skilled in the art. It is 
intended that the present disclosure encompass such changes 
and modi?cations as fall Within the scope of the appended 
claims. 

What is claimed is: 
1. A scheduling system comprising: 

at least one data structure containing information for a 
node Within a multiple-input, multiple-output enabled 
mesh netWork, the information including available 
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stream capacity for up to N streams each from the node 
to one or more selected neighboring nodes Within the 

mesh netWork; and 

a controller selectively utiliZing the available stream 
capacity information to control transmission of at least 
one data stream from the node to at least one of the 
selected neighboring nodes. 

2. The scheduling system according to claim 1, Wherein 
the at least one data structure includes, for each of a plurality 
of destination nodes Within the mesh netWork, an identi? 
cation of next hop nodes through Which data may be routed 
from the node to the respective destination node and, for 
each next hop node identi?ed for the respective destination 
node, information regarding latency associated With routing 
data through that next hop node to the respective destination 
node, and 

Wherein the controller employs the latency information to 
select the one or more selected neighboring nodes from 
among the next hop nodes. 

3. The scheduling system according to claim 1, Wherein 
the at least one data structure contains, for each possible 
stream betWeen the node and a selected neighboring node, 
available capacity for the respective stream. 

4. The scheduling system according to claim 3, Wherein 
the available capacity for each possible stream betWeen the 
node and the selected neighboring node is dynamically 
updated. 

5. The scheduling system according to claim 1, further 
comprising: 
N antennae or antenna elements each capable of concur 

rently receiving different data in one of the up to N 
streams, each of the up to N concurrent streams origi 
nating from one or more of a plurality of neighboring 
nodes, 

Wherein the controller dynamically updates each of the 
plurality of neighboring nodes regarding available 
capacity for each of the up to N streams. 

6. The scheduling system according to claim 1, further 
comprising: 

N antennae or antenna elements each capable of concur 
rently transmitting different data in one of the up to N 
streams, Wherein the up to N concurrent streams are 
directed to the one or more selected neighboring nodes, 

Wherein the controller directs streams from each of the N 
antennae or antenna elements to the one or more 

selected neighboring nodes based on: 

latency associated With routing data through each of a 
plurality of neighboring nodes Within the mesh net 
Work to a destination node Within the mesh netWork, 
Wherein the plurality of neighboring nodes includes 
the one or more selected neighboring nodes and the 
selected neighboring nodes are selected by the con 
troller from among the plurality of neighboring 
nodes based on the associated latency, and 

available stream capacity at each of the one or more 
selected neighboring nodes. 

7. The scheduling system of claim 1 further including a 
second data structure containing information for the node 
associating one or more destination nodes With one or more 

next hop nodes, the information also associating the desti 
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nation node and the next hop node with the number of hops 
between the node and the destination node via the next hop 
node, wherein the controller further utilizes the information 
contained in the second data structure to control transmis 
sion of the at least one data stream from the node to the at 
least one selected neighboring node, and wherein the node, 
the next hop nodes, and the destination nodes are base 
transceiver stations in the mesh network and the destination 
nodes are connected to a core network. 

8. A scheduling method comprising: 

providing at least one data structure containing informa 
tion for a node within a multiple-input, multiple-output 
enabled mesh network, the information including avail 
able stream capacity for up to N streams each from the 
node to one or more selected neighboring nodes within 

the mesh network; and 

selectively utiliZing the available stream capacity infor 
mation to control transmission of at least one data 
stream from the node to at least one of the selected 
neighboring nodes. 

9. The method according to claim 8, further comprising: 

storing within the at least one data structure, for each of 
a plurality of destination nodes within the mesh net 
work, an identi?cation of next hop nodes through 
which data may be routed from the node to the respec 
tive destination node and, for each next hop node 
identi?ed for the respective destination node, informa 
tion regarding latency associated with routing data 
through that next hop node to the respective destination 
node; and 

employing the latency information to select the one or 
more selected neighboring nodes from among the next 
hop nodes. 

10. The method according to claim 8, further comprising: 

storing within the at least one data structure contains, for 
each possible stream between the node and a selected 
neighboring node, available capacity for the respective 
stream. 

11. The method according to claim 10, further compris 
mg: 

dynamically updating the available capacity for each 
possible stream between the node and the selected 
neighboring node. 

12. The method according to claim 8, further comprising: 

concurrently receiving different data in one of the up to N 
streams at N antennae or antenna elements, each of the 
up to N concurrent streams originating from one or 
more of a plurality of neighboring nodes; and 

dynamically updating each of the plurality of neighboring 
nodes regarding available capacity for each of the up to 
N streams. 

13. The method according to claim 8, further comprising: 

concurrently transmitting different data in one of the up to 
N streams using N antennae or antenna elements, 
wherein the up to N concurrent streams are directed to 
the one or more selected neighboring nodes; and 

directing streams from each of the N antennae or antenna 
elements to the one or more selected neighboring nodes 
based on: 
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latency associated with routing data through each of a 
plurality of neighboring nodes within the mesh net 
work to a destination node within the mesh network, 
wherein the plurality of neighboring nodes includes 
the one or more selected neighboring nodes and the 
selected neighboring nodes are selected by the con 
troller from among the plurality of neighboring 
nodes based on the associated latency, and 

available stream capacity at each of the one or more 
selected neighboring nodes. 

14. The method according to claim 8, further comprising: 

operating a plurality of nodes including at least the node 
and the one or more selected neighboring nodes, 

each of the plurality of nodes including N antennae or 
antenna elements capable of concurrently transmitting 
different data in up to N streams. 

15. A multiple-input, multiple-output enabled mesh net 
work with stream control comprising: 

a plurality of nodes, each node within the plurality of 
nodes including: 

up to N antennae or antenna elements capable of 
receiving different data in up to N streams each from 
the node to one or more selected neighboring nodes 
within the mesh network, 

at least one data structure containing information for 
the node, the information including available stream 
capacity for the up to N streams; and 

a controller selectively utiliZing the available stream 
capacity information to control transmission of at 
least one data stream from the node to at least one of 
the selected neighboring nodes, 

wherein at least one node within the plurality of nodes is 
communicably coupled to an external network, the at 
least one node forming a destination node for backhaul 
tra?ic from other nodes within the plurality of nodes to 
the external network. 

16. The network according to claim 15, further compris 
mg: 

wireless links between each of the plurality of nodes and 
nodes within the plurality of nodes neighboring the 
respective node, wherein each wireless link includes 
multiple spatial channels capable of carrying different 
data between the two nodes connected by the respective 
wireless link. 

17. The network according to claim 15 wherein the at least 
one data structure for each of the plurality of nodes contains, 
for each destination node within the plurality nodes, an 
identi?cation of every neighboring, next hop node within the 
plurality of nodes through which data may be routed from 
the respective node to the respective destination node and, 
for each neighboring, next hop node identi?ed for the 
respective destination node, information regarding latency 
associated with routing data through that neighboring, next 
hop node to the respective destination node, and 

wherein the controller employs the latency information to 
select the one or more selected neighboring nodes from 
among the neighboring, next hop nodes. 

18. The network according to claim 15, wherein the at 
least one data structure for each of the plurality of nodes 
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contains, for each possible stream between the respective 
node and any neighboring node within the plurality of nodes, 
available capacity for the respective stream. 

19. The network according to claim 19, wherein the 
controller dynamically updates every neighboring node 
within the plurality of nodes regarding the available capacity 
for all possible streams between the respective node and any 
neighboring node within the plurality of nodes, and receives 
updates from each of the neighboring nodes regarding 
available capacity for each possible stream between the 
respective neighboring node and any nodes within the 
plurality of nodes that neighbor the respective neighboring 
nodes. 

20. The network according to claim 15, wherein the 
controller directs streams from each of the N antennae or 
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antenna elements to the one or more selected neighboring 
nodes based on: 

latency associated with routing data through each of a 
plurality of neighboring nodes within the mesh network 
to a destination node within the mesh network, wherein 
the plurality of neighboring nodes includes the one or 
more selected neighboring nodes and the selected 
neighboring nodes are selected by the controller from 
among the plurality of neighboring nodes based on the 
associated latency, and 

available stream capacity at each of the one or more 
selected neighboring nodes. 

* * * * * 


